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Improvement of Tip Structure of a Swirling Cup for Stable Non-Contact Gripping
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In this study, we investigated the tip structure of a swirling cup numerically to
obtain a stable non-contact gripping force by changing the tip length, tip groove,
and guide block. Swirl number is considered for each position inside the cup

according to the non-contact gap and flow rate. The results show that the effective

ARTICLE INFO ABSTRACT
Article history:

Received 17  October 2022

Revised 16  November 2022

Accepted 16  November 2022

Keywords:

Air cup

Gripper

Non-contact

Swirl number

gripping force occurs at the gap size of 0.6-0.8 mm. If the tip length increases, the
upper boundary of the effective non-contact gap extends to 0.9 mm without losing
gripping force. Contrariwise, when the total cross-sectional area of the groove is
13% of the area of the entire discharge gap, the lower boundary of the effective
non-contact gap extends to 0.3 mm and accompanies an improved gripping force.
Additionally, the inverted T-shaped guide block inside the cup stabilizes the

Vortex cup cyclone flow pattern of the swirling cup.
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Fig. 1 The schematic diagram for a non-contact vortex cup with
a separated airflow guide and serrated tip groove
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Fig. 2 The newly suggested non-contact vortex cup with a guide
block and tip grooves

Fig. 3 The mesh for the computational domain of an air cup
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Table 1 Geometry dimensions

Parameter (symbol) value, unit (mm)

Head outer diameter (D)) 60
Head inner diameter (Z),) 40
Head inner height () 30

Tip length (T) 1,35
Chamfer (C) 5
Air inlet diameter 2
Guide block clearance (E) 5

Guide block gap (F) 05 ~2
Groove height 0.5
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Table 2 Settings the analysis mode

Parameters Conditions

Analysis mode steady state

Fluid (air, 22°C)
k-e model (intensity 5%)

mass flow-rate

Turbulence model

Inlet
Outlet

Opening

pressure outlet (atmosphere)

relative pressure (0 pa)
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Fig. 4 Typical motion of the basic vortex cup; 1 mm tip length,
0.6 mm air gap, 3.84x10° kg/s mass flow rate; (a) velocity,
(b) pressure, (c) vector-enlarged and (d) streamline
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Fig. 5 Swirl number vs gap (based on the 3.84x107 kg/s mass,
40 mm inner cup diameter, [,:H = 4:3, 0.6 mm air gap)
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I Tip length 1 mm
3 Tip length 3 mm
B Tip length 5 mm
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Fig. 7 Lifting force vs gap; 0.3~0.9 mm air gap, 3.84x10™ kg/s mass
flow rate, different tip lengths, no grooved tip
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Fig. 9 Velocity contour at the plane with the grooved passage;
0.6 mm air gap, 3.84x10° kg/s mass flow rate, and
different tip lengths
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Fig. 11 Velocity and pressure profiles; h(tip gap) = 0.6 mm,

T(tip length = 1 mm) and guide gap = 2 mm
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Fig. 12 Pressure distribution on the sample surface with different
gap guide and a guide clearance; h(tip gap) = 0.6 mm,
T(tip length = 1 mm)
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